Introduction
The first wall of a D-T burning theta pinch is subjected to electrical and thermal stresses which combine to present materials constraints of a unique nature in fusion devices. In this paper we address those constraints for the PTR (Physics Test Reactor) which will be designed to first demonstrate scientific feasibility and later be converted to handle tritium for D-T burning experiments. The wall is subjected to fluxes of neutrons, photons, and particles, the last of these being the most important in the PTR, hence an estimation of their magnitude is required for design purposes.
A quantitative assessment of the wall problem requires scaling information from wall stabilized Scyllac experiments to specify the size of the experiment, implosion heating physics to determine the necessary electric field stress on the insulator to achieve ignition after magnetic compression, and a thermonuclear burn calculation specifying the time history of neutron and bremsstrahlung production and plasma internal energy. A concise statement of the scaling laws and their basis in experiment were recently given by Freidberg and Ribe, (1) and further verification will be forthcoming in the soon to be completed toroidal Scyllac experiment.
The physics of the implosion process has been explored with both theoretical (2, 3) and computer simulation (4) models, and will soon come under experimental scrutiny in the implosion heating experiment and the staging experiment. (5) The thermonuclear burn code of Oliphant, (6) used in the design of the reference theta pinch reactor (RTPR), gives all the required plasma and radiation data except the particle fluxes. The particle flux must be estimated from plasma internal energy and the expansion of the plasma in the decaying magnetic field. Diffusion of the magnetic field into the plasma limits the rapid loss of plasma after the column expands to the wall and the flux between the wall and the plasma boundary disappears. The results of this calculation giving the wall flux will be described.
Description of the PTR
As presently envisaged, the Physics Test Reactor is a large aspect ratio torus, driven by separate implosion heating and compression coils. A schematic layout is shown in Fig. 1 . The aspect ratio is determined by considerations of stability and equilibrium while the minor radius "b" is made as small as possible yet consistent with the formation of a well-defined piston of thickness c/uu . « b. A sufficiently large value of b is also necessary to present a reasonable inductance to the implosion circuitry. These criteria lead to a major radius R = 35 m and a minor radius b = 0.1 m.
The implosion heating coil is located inside the compression coil as shown in Fig. 2 , and the first wall at b = 0.1 m is inside the implosion coil. The two field coils produce the magnetic field time variation shown in Fig. 2 . Electrical stress on the first wall is induced by the large azimutahl electric field (~ 3 kV/cm) needed to give the rapid initial magnetic field rise (~ 0.1 usee).
Since the first wall must contain tritium it must have sufficient mechanical integrity to ensure containment of this radioactive gas. Present day quartz tubes, which are otherwise appropriate for the device, are therefore inadequate since they occasionally break when a crowbar fails.
A final requirement is that the tube endure the thermal stresses from particle and photon bombardment, and that surface spallation and sputtering be minimized. The preliminary design of this tube calls for a segmented metal and insulator structure which allows? radial penetration of magnetic flux. An exact configuration has not been selected, but it must meet the criteria described in this paper.
Implosion Heating and Burning
Ths PTR plasma is brought to ignition by a combination of implosion heating and adiabatic compression. From the physics of implosion heating as described by a bounce model and free expansion after the contraction of the ions to their minimum radius, the plasma radius after the implosion process is determined. Further, when the initial filling pressure and azimuthal electric field are specified the temperature and magnetic field (B ) values after the implosion process are uniquely determined. Specification of the magnetic field to which the plasma is compressed and of the initial electron temperature then yields the final electron and ion temperatures, the alpha particle production rate, the final plasma radius, the plasma internal energy, and the neutron and bremsstrahlung wall fluxes. These parameters are the output of a thermonuclear burn code developed by Oliphant (6) which follows the evolution of the ion, electron, and alpha particle distribution functions as the alphas are born and deposit their energy in the plasma. The plasma expands adiabatically against the magnetic field (p « 1), doing direct conversion work, and also cools by bremsstrahlung radiation. All these processes are treated self- The results of the application of this code to the PTR plasma are given in Table I for various filling pressures P (m torr) and electric fields E a (kV/cm). In each case o y the compression field reached 60 kG and then decayed exponential with a time constant T,.
The computed parameters of interest here are fractional burnup, neutron and bremsstrahlung wall flux, and internal plasma energy density. The latter is the peak energy achieved during burn, divided by the wall area surrounding the plasma. The rate at which the energy is deposited is separately determined from an MHD diffusion and heat transport calculation.
The first thing to note is that the major heat load at the first wall will come from the transport of the internal energy as the magnetic field decays. The bremsstrahlung load is not important, and the neutron flux will produce insignificant fluences during the life of the wall at the anticipated duty cycle.
To indicate the temporal behavior of the fluxes and energies in Table I , we have 2 plotted in Figs. 3-5 the time variation of the internal energy (j/cm ), the bremsstrahlung 2 2 flux, (watts/cm ) and neutron flux (no./cm /sec) for the ca3e p = 5 m torr, E. = 3 kV/cm.
The internal energy is about 3.5 j/cra when the plasma begins making substantial wall contact. Neutron currents exceed 10 /cmVsec during the initial burn, and bremsstrahlung 2 rates diminish from 13 watts/cm .
Particle and Heat Transport
To find the particle flux and heat transport to the wall requires a separate calculation. We use a single fluid MHD model to follow the resistive diffusion of magnetic field into the plasma during the expansion, as described by the equation
V * (T1VXH -v*B) » -U ot
The resistivity T\ is given by the classical Spitzer value multiplied by an anomaly factor,,
The convective term is small and neglected in the code. Pressure balance is maintained by demanding Vp = (VxH)xB.
Heat flow is included by modifying the usual adiabatic equation relating pressure and density as follows:
The gas constant is R and Hj_ is the heat conductivity of ions as given by Spitzer. The mean alpha energy can be obtained from the burn code, and for the runs in Table I is typically 2 MeV.
In Fig. 6 the time variation of the particle flux and a normalized integrated wall flux is shown for the case p = 5 mtorr, E Q = 3 kV/cm. The initial conditions for the o y MHD code assumed a plasma radius corresponding to the minimum radius after compression, and a magnetic field of 60 kG outside the plasma and 12 kG inside the plasma. This sharp boundary plasma was allowed to expand as the field diffused and smeared the boundary. The 60 kG field at the wall was diminished exponentially in 100 msec. An anomaly factor of 100 was put into the resistivity to smear the field profile but the heat conductivity value was the previously stated classical value. A more appropriate procedure would perhaps be to give the magnetic field boundary a finite transition width, since the anomalous transport occurs mostly in the implosion phase, and assume classical transport thereafter. Note in Fig. 6 that the particle flux increases rapidly after 120 msec, well after 12 2 the bremsstrahlung flux has diminished, reaching 6 x 10 /cm /sec and lasting about 50 msec. As a rough approximation these particles consist of ions and electrons at temperatures of about 2 KeV and 0.38% alphas at an average energy of 2 MeV. The heat flow from the ions is shown in Fig. 7 , and this flow occurs over about 25 2 msec. The total conducted heat is 0.76 joules/cm , or 25% of the internal plasma energy when the plasma first strikes the wall. The remainder may be accounted for by the alpha particles which are 1000 times more energetic and 3.8 thousandths less numerous, hence ac-2 2 count for 3.8 times the 0.76 joules/cm or 2.89 joules/cm . This heat load will give about a 30 K temperature rise on an alumina first wall.
The results of this study are in substantial agreement with earlier analytical calculations by Burnett and Ellis (7) for a rather similar FTR design. One major discrepancy is in the particle wall flux, which we find is many orders of magnitude larger. However, they considered only the early time diffusion and hence estimated the minute quantities of ions, electrons, and alphas, which hit the wall during the burn. As seen here the majority of the particles come later.
The studies here are quite preliminary but should provide adequate information for initial surface studies in a theta pinch FTR. More detailed analyses are being carried out. Fig. 3 
